Objective. To present the variable appearance of micrognathia in fetuses by three-dimensional ultrasonography and to describe practical methods for analysis of these volume data. Methods. Threedimensional multiplanar imaging and surface-rendering techniques were used to show various syndromes and diagnostic approaches for the evaluation of fetal micrognathia. Results. Nine cases of fetal micrognathia are presented. Orthogonal multiplanar views were used to obtain a midsagittal facial profile. Examples of micrognathia include 3 cases of Pierre Robin sequence, cerebrocostomandibular syndrome, Cornelia de Lange syndrome, and hypochondrogenesis. Diagnostic pitfalls for micrognathia are also shown. Conclusions. Three-dimensional multiplanar imaging increases the likelihood that a true midline sagittal view of the facial profile is being analyzed. Surface rendering provides another way to qualitatively evaluate the fetal chin from different viewing perspectives. Three-dimensional ultrasonographic methods are useful adjuncts to the preliminary diagnostic impression from two-dimensional ultrasonography.
Introduction
Micrognathia refers to a facial malformation that is characterized by a small chin. The Online Mendelian Inheritance in Man database at the National Library of Medicine 1 includes 211 genetic conditions with this finding. Affected fetuses are at increased risk for an abnormal karyotype. 2, 3 An underdeveloped chin may even be severe enough to cause hydramnios in the fetus or respiratory obstruction after delivery. Its presence may even complicate infant feeding and will typically require 1 or more surgical repairs. Here we present images from several fetuses with micrognathia who were examined with three-dimensional ultrasonography (3DUS).
Materials and Methods
Volume data were acquired from fetuses, including 8 with confirmed cases of suspected micrognathia (Voluson 530 and 730; GE Medical Systems, Milwaukee, WI). Each scan sweep took approximately 6 seconds and was usually performed as a sagittal scan across the fetal face with a 3-to 5-MHz mechanical volume transducer. These data were stored on removable digital media for subsequent analysis (3D View software, version 1.0; GE Medical Systems). Orthogonal multiplanar images were reformatted from volume data. Postprocessing included adjustment of brightness, contrast, opacity, and transparency. Tissue contrast resolution was enhanced by addition of color filtering. Uninformative voxels were digitally removed by an image segmentation tool. Rendered images were composed (Photoshop 5.5; Adobe Systems Incorporated, San Jose, CA) for direct comparisons between multiplanar data and postnatal results (see Figs. 2, 3B, 4-6, 7B, 8, 9B, and 10). Color reference dots in the multiplanar views were enlarged for illustration purposes as well.
Results
Examples of fetal micrognathia and diagnostic pitfalls are presented in Figures 1-10 .
Discussion
Prenatal diagnosis of micrognathia has traditionally relied on subjective interpretation of two-dimensional (2D) images that are mentally interpreted by the sonologist. 2, 12 Others have attempted to use mandibular measurements for this assessment. [13] [14] [15] Paladini and coworkers 15 applied a newborn parameter, the jaw index, to 262 fetuses without abnormalities between 12 and 37 weeks' gestation. 16 Their population of 198 fetuses with malformations included 11 with micrognathia. The jaw index led to an improved micrognathia detection rate (100% sensitivity and 98.1% specificity) compared with subjective evaluation of the facial profile (72.7% sensitivity and 99.2% specificity). At present it is unclear whether 3DUS will enable us to improve our ability to measure mandibular size. Future investigations may eventually lead to improved diagnostic methods for evaluation of mandibular size and growth. Quantitative ultrasonographic parameters (e.g., mandibular area, volume, jaw index, and angles) have the potential for improving our ability to better characterize micrognathia, because standardized measurements are more likely to be obtained by 3D multiplanar imaging. Both qualitative and quantitative methods, however, may be necessary for optimal evaluation of micrognathia. A very small chin with marked polyhydramnios developed in this fetus by the late third trimester. Micrognathia can increase the amniotic fluid volume by preventing effective swallowing. Intubation failed after delivery, and the neonate required an emergent tracheostomy and mechanical ventilation. B, Facial profiles are examined from different angles by rotating the volume reconstruction. Occasionally, the chin may appear to be smaller because of posterior displacement of the mandible (i.e., retrognathia) or prominent cheeks (e.g., diabetes). Cerebrocostomandibular syndrome was diagnosed on the basis of micrognathia, a posterior cleft palate defect, and characteristic rib gap abnormalities (not shown) in the neonate. 6, 7 A B Figure 2 . Pierre Robin sequence (case 1), 18.9 menstrual weeks. Pierre Robin sequence consists of micrognathia, cleft palate, or both. 4 A small, rounded chin is shown in the midsagittal plane (top right). In an axial view (bottom left), a reference dot is inserted on the intact maxillary alveolar tooth buds, which suggest an intact anterior hard palate. 5 One cannot exclude the presence of a posterior hard palate defect, because this condition does not usually involve the anterior hard palate. Postnatal examination confirmed Caffey disease with osteosclerosis that led to thickened clavicles and ribs. 11 Severe expansion of the bowed long bones showed a cortical new bone formation. B, Despite the initial false impression of a small chin on surface rendering, a midline sagittal view (top right) provides evidence that the chin is actually well developed. The redundant soft tissue of the lips and cheeks (A) can make the chin appear relatively small. Similar appearances of the chin can also be encountered in infants of diabetic mothers. This case emphasizes the importance of comparing both 3D multiplanar and surface-rendered images with the initial diagnostic impression on 2DUS. Figure 10 . Micrognathia, 21.0 menstrual weeks. Surface rendering of the fetus is particularly well defined because of increased amniotic fluid volume. A small chin is evident when the fetal face is viewed from the side (bottom left). Multiple joint contractures, bilateral clubfeet, and lumbar spine scoliosis (not shown) are also present. The wrist, knee, and ankle joints are immobile. This neonate died 1 day after premature delivery at 30.4 menstrual weeks. The presumptive diagnosis was arthrogryposis, although an autopsy was not performed after delivery.
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